Abstract: The wind energy conversion system (WEC) has been increasingly proposed to capture wind energy producing electrical power in high efficiency. One of the most important factors that has significant influence on the overall efficiency is the performance of generators in a fixed-speed wind turbine. The efficiency of the generator strongly depends on the operating speed. Therefore, the generator should be controlled to operate at the rated speed to increase the overall efficiency. In this paper, a continuously variable transmission (CVT) was employed to maintain the speed of the generator by controlling the transmission ratio. By employing a position control system based on an electro-hydraulic actuator (EHA), the speed ratio could be tuned continuously to keep the generator at rated speed. Here, an adaptive fuzzy sliding mode control (AFSC) was developed to control the proposed EHA CVT. Mathematical analysis was also carried out to investigate the global stability of the system. Finally, experiments were conducted to evaluate the performance of the proposed WECs.
Introduction
Finding sustainable energy becomes more and more urgent nowadays due to the rapid exhaustion of fossil fuel resources and the unfailingly intensifying of energy demand. Alternative energy resources include solar, wind, tidal, wave, biomass energies, etc. Among these resources, the number of wind energy conversion technologies has speedily increased as well as the number of researches to maximize the power and efficiency of wind energy conversion systems (WECs) [1] [2] [3] .
The idea of converting wind energy into useful energy has continuously developed for a thousand years. A wind turbine extracts kinetic energy from the wind and converts it into mechanical energy. This mechanical energy then drives the generator to produce electrical power. There are several methods to optimize the efficiency of a wind turbine. Among them, some researchers propose the variable speed generator to produce the electric power, then the frequency converter or other techniques are applied to adjust the current frequency into the fixed frequency of the grid [4, 5] . However, developing a high efficiency generator for a variable speed input is a very complex task and it increases the cost. Hence, the more effective methodology to maximize the amount of extracted wind energy is to keep the generator at an optimal speed. This has been an appealing research trend around the world [6] [7] [8] [9] . The wind speed always varies, but the conventional wind system can only produce the power within "cut in" and "cut out" of the wind speed [10] . There are several methods that can be control the speed, such as pitch control, stall control, yaw control, and combinations of the above methods [11, 12] . However, these methods need a complex mechanism to control the pitch angle and yaw angle. National Renewable Energy Laboratory's previous studies have shown the advantages of a continuously variable transmission (CVT) in the wind turbine, as reliable and efficient [7, 8] , reducing the cost of energy production up to 11.2% [13] . The automatically regulated CVT and CVT with a hydraulic system used in the above studies have faced disadvantages of mass practical adoption in WECs. For example, the automatically regulated CVT only works under the low torque condition, while in WECs the CVT also needs to cope with the high torque range. Meanwhile, conventional hydraulic system wastes a lot of energy through the control valves thus it decreases the overall efficiency of the hydraulic CVT system. Consequently, development of the new CVT system to improve the performance of the wind turbine is necessary.
In this paper, an electro-hydraulic actuator (EHA) CVT is proposed. When the speed of the generator is at the rated value, the hydraulic circuit inside the EHA locks the current axial position of the CVT and thus keeps the CVT ratio constant without consuming energy. Then, a control strategy for the CVT was developed, and a mathematical model of the wind turbine system was derived. Based on the input speed of the CVT and the input speed conditions of the generator, the position-reference command for an EHA was generated. Due to the nonlinearities and uncertainties of the CVT as well as the EHA, a fixed gains proportional-integral-derivative (PID) controller [14] cannot yield reasonable performance over a wide range of operating conditions [15] . Therefore, many advanced control approaches such as fuzzy PID [16, 17] , sliding mode [18, 19] , adaptive back-stepping [20] and iterative back-stepping [21] have been developed for similar systems.
Among the above control strategies, a well-known methodology is the sliding mode control technique. However, the common drawback of the conventional sliding mode control, which is the chattering phenomenon due to the use of discontinuous sign function [18, 19] , was overcome by employing a fuzzy logic turning mechanism in many studies [22] [23] [24] . The fuzzy sliding mode control also has more robustness against parameters' variation [15, 22] . To simplify the designing phase of the fuzzy logic mechanism, an adaptive fuzzy controller based on the Lyapunov synthesis approach was studied in [23, 24] . In such controllers, the fuzzy rules can be automatically adjusted to achieve a satisfactory response due to adaptive laws [25] . To improve the control performance, a PID-like fuzzy sliding mode control approach was recently introduced [26] [27] [28] . This control strategy inherits the properties of both PID and sliding mode approaches and thus provides better tracking performance. Thus, it is employed in control of hydrostatic transmission system [26] , hydraulic servo systems [27] and a simulated uncertain system [28] . In this paper, a similar methodology is used to develop the controller for the proposed EHA CVT in WECs. The control signal includes a PID-like sliding mode control signal ω eq and a fuzzy hitting control signal ω hit to allow both a fast reaching and smooth tracking response. All the control parameters were updated carefully, satisfying Lyapunov criteria, to ensure global stability.
Finally, experimental tests were also carried out to evaluate the performance of the proposed WECs. The wind speed was captured from experimental data at an average value of 10 m/s with the variation amplitude up to ±4 m/s. Experimental tests showed that the proposed system was able to drive the generator at a stable speed of 250 rpm and thus generate a constant power of 10.5 kW at the generator efficiency of 92%. These results strongly confirmed the potential of the proposed WECs for practical application. Figure 1 illustrates the schematic of a new wind turbine design which typically consists of a rotor, gearbox, EHA CVT and a generator. The horizontal wind turbine is composed of three huge blades to convert wind flow into rotary motion of the shaft. The main limitation of this wind turbine rotor is its low and variable operating speed which is inappropriate with the high speed (200-3600 rpm) of the generator. Thus, a gear box was attached to amplify low speed of the wind turbine rotor to the operational speed range of the generator [6] . Then, the output shaft of the gearbox was connected to the driving axis of the EHA CVT. The main purpose of a CVT is to transform the variable speed of the primary unit into a stable rotary speed at the secondary unit (Figure 2 ). The primary unit includes a primary shaft, a primary driving moveable conical disk moving axially on the primary shaft, and a driving hydraulic cylinder. The driving moveable conical disk is axially moved by a supplied oil pressure chamber and resistive force of belt [29] . Since the belt is sandwiched between the driving moveable conical disk and driving fixed conical disk, it transmits rotary speed into the secondary unit. Similarly, the secondary unit includes a secondary-driven moveable conical disk supplied force by the spring and a driven fixed conical disk. The secondary shaft then directly drives the generator. In this paper, the position of the primary axis of the CVT is controlled by a pump controlled EHA. Particularly, the EHA is employed to control the oil pressure inside the chambers by supplying or disposing flow by the hydraulic pump to control the primary pulley position of the CVT. The EHA system includes a gear pump, a supplementary valves system, and a symmetrical acting cylinder. The whole system is driven by a DC motor. In this configuration, the movement of the cylinder is adjusted directly by the speed of the DC motor [21] . By controlling the position of the primary pulley, transmission ratio of the CVT as well as the input speed of the generator can be controlled. driving moveable conical disk moving axially on the primary shaft, and a driving hydraulic cylinder. The driving moveable conical disk is axially moved by a supplied oil pressure chamber and resistive force of belt [29] . Since the belt is sandwiched between the driving moveable conical disk and driving fixed conical disk, it transmits rotary speed into the secondary unit. Similarly, the secondary unit includes a secondary-driven moveable conical disk supplied force by the spring and a driven fixed conical disk. The secondary shaft then directly drives the generator. In this paper, the position of the primary axis of the CVT is controlled by a pump controlled EHA. Particularly, the EHA is employed to control the oil pressure inside the chambers by supplying or disposing flow by the hydraulic pump to control the primary pulley position of the CVT. The EHA system includes a gear pump, a supplementary valves system, and a symmetrical acting cylinder. The whole system is driven by a DC motor. In this configuration, the movement of the cylinder is adjusted directly by the speed of the DC motor [21] . By controlling the position of the primary pulley, transmission ratio of the CVT as well as the input speed of the generator can be controlled. 
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System Modeling and Problem Statement
Wind Model
Generally, there are four operation regions for the wind turbine as shown in Figure 3 . In region 1, wind speed is not large enough to turn the wind turbine blade, thus the rotor is standing still. If wind speed is large enough to overcome the friction in the turbine as well as the loading torque of the generator to start turning turbine blade, the system enters region 2. In this region, the turbine blade should be maintained at an optimal speed to maximize the energy converter. In region 3, the power production of the turbine is limited because the generator is already at maximum power. In region 4, the turbine is stopped to avoid damage at high wind speeds.
The model of the wind turbine can be described as follows. Firstly, the power (PWT ) captured by the wind turbine blades is expressed:
where  is air density (typical 1.225 kg/m 3 ), A is the swept area of the blade in m 2 , w v is the wind velocity in m/s and Cp is power capture coefficient which is a function of tip speed ratio  and pitch angle  . The power coefficient Cp is calculated as in [30] : 
System Modeling and Problem Statement
Wind Model
The model of the wind turbine can be described as follows. Firstly, the power (P WT ) captured by the wind turbine blades is expressed:
where ρ is air density (typical 1.225 kg/m 3 ), A is the swept area of the blade in m 2 , v w is the wind velocity in m/s and C p is power capture coefficient which is a function of tip speed ratio λ and pitch angle β. The power coefficient C p is calculated as in [30] :
with 1 where the coefficients C 1 to C 6 are:
The tip speed ratio of the wind turbine λ is defined as following [10] :
here, R is the rotor radius in m, ω r is the angular velocity of the rotor in rad/s.
here, R is the rotor radius in m,  r is the angular velocity of the rotor in rad/s. Figure 4 presents the power coefficient versus the tip speed ratio and pitch angle. It can be seen that with the pitch angle the blade is 0° and the maximum coefficient of power (Cp = 0.48) is achieved at the tip speed ratio  =8.1. This ratio value is considered as the optimal value. Hence, for each wind speed within the operation region 2, there exists an optimal rotor speed to maximize the output power of the wind turbine. The optimal speed of the rotor is calculated as follows: at the tip speed ratio  =8.1. This ratio value is considered as the optimal value. Hence, for each wind speed within the operation region 2, there exists an optimal rotor speed to maximize the output power of the wind turbine. The optimal speed of the rotor is calculated as follows: speed within the operation region 2, there exists an optimal rotor speed to maximize the output power of the wind turbine. The optimal speed of the rotor is calculated as follows:
When the air flows over the blade, it creates two types of aerodynamic force: one in the direction of the airflow (known as drag force) and the other perpendicular to the air flow (known as lift force). These forces can be used to generate the driving torque needed to rotate the blades [4] . In proportion to these forces, the wind speed fluctuations can be calculated by a statistic function with a power spectrum represented [31] :
where, V x , V y are the lateral and longitudinal components of the wind speed, S(n) is the spectral power density, ∆n is the frequency spacing, β p is the random phase angle, m is the number of frequencies.
with z as the height above the ground, f m is the coefficient. The total vector of the horizontal wind is given by:
CVT Modeling
The CVT consists of a primary pulley, a secondary pulley and a belt connecting these two pulleys. The CVT geometry schematic diagram is given in Figure 5 . By assuming that the belt elongation has not occurred during operation [29] , the belt lengths can be calculated as in [32, 33] :
where R 1 , R 2 are the primary and secondary pulley running radii; β 1 , β 2 are the angle of lap on the primary and secondary pulley; D is the pulley center distance. When the air flows over the blade, it creates two types of aerodynamic force: one in the direction of the airflow (known as drag force) and the other perpendicular to the air flow (known as lift force). These forces can be used to generate the driving torque needed to rotate the blades [4] . In proportion to these forces, the wind speed fluctuations can be calculated by a statistic function with a power spectrum represented [31] :
where, , xy VV are the lateral and longitudinal components of the wind speed, ( ) Sn is the spectral power density, n is the frequency spacing,  p is the random phase angle, m is the number of frequencies.
( ) (6) with z as the height above the ground, m f is the coefficient. The total vector of the horizontal wind is given by:
where 12 , RR are the primary and secondary pulley running radii;  12 , are the angle of lap on the primary and secondary pulley; D is the pulley center distance. Other relations can be calculated as:
where ϕ is half of the increase in the wrapped angle on the primary pulley. Substitute Equations (9) and (10) into Equation (8), one can obtain:
The relationship between the running radii and CVT ratio can be given as follows [29] :
A combination of Equations (11) and (12) allows us to obtain the following relation between ϕ and R 1
In order to break an implicit loop, we use in the code the derivative of this expression:
From Equations (13) and (14) the sheave pulley displacement of the primary is calculated as:
The axial pulley positions are presented as follows [29] :
where R 20 , R 10 are the minimum secondary and primary running radii. X 2 , X 1 are the secondary and primary pulley position. α is the pulley wedge angle. The relationship between speed and running radii [29] is:
From Equations (12), (16), and (18), the ratio of the speed can be given as follows:
Energies
EHA Modeling
The modeling of an EHA was introduced in our previous study [21] . By using Newton's second law and principles of hydraulic systems [15] , the dynamics of load shaft in loading an EHA can be described by the following state space [29] :
where x 1 , x 2 , x 34 are the position, velocity, and acceleration of the hydraulic piston, respectively, d is the loading accelerator term, m is the equivalent mass, β oil is the effective bulk modulus of the hydraulic fluid, V 01 , V 02 are the initial volume of the two chambers, A is the actuating area, D p is the displacement of the pump, and ω is the input speed of the pump system, k l and Q v are the parameters of leakage and supplementary valves, respectively. For more information, please refer to [20, 21] .
For simplification, the last equation of the state space can be rewritten as .
x 34 = ωg (t) + f (t) . Obviously, system states are adjusted by the speed of the bi-directional pump that is driven by a DC servo motor. Consequently, the control signal is the speed command for the DC servo motor ω to control the output speed of the generator [21] . The development of a position controller will be described in the following section [15] .
Control Design
The output speed is selected according to the power take-off system's specification and wind conditions at a steady state. Based on the speed of the primary shaft and speed references of the secondary shaft of the CVT, the position command x 1re f is computed for the EHA. The control signal for the EHA in this paper was calculated based on an adaptive fuzzy sliding mode control scheme. Firstly, an adaptive sliding mode is designed for the strictly feedback state space of the EHA system. Then, the fuzzy learning approach is employed to form the virtual control signal. The procedure of designing the controller is presented as follows [15] .
The design of a sliding controller involves two steps. The first step is to design a stable sliding surface to achieve the control objective. The second step is to make the sliding surface attractive by pushing the system states toward the surface [15] .
Let the system tracking error be defined as [15] :
where x 1re f is the desired position of the EHA, x 1 is the response of the system which can track the desired position. Then a sliding surface is defined as:
e + 3λ 2 e + λ 
The derivative of Equation (22) 
Coefficient λ is strictly positive. The term g(t) in Equation (25) is unknown but bounded
where g n is the bounded value and ∆g is the compensative value of g. Equation (25) can be shown as:
..
e + 3λ 2 . e + λ 3 e = .
where L(t) = g n ω(1 − ∆g) is a lumped function and unknown. In a proper control system, s → 0 as t → ∞ . Assuming that the system parameters are well-known, and the external disturbance is measurable (L(t) = 0), the optimal equivalent controller for the position control of the system can be derived as:
The equivalent control effort of angular velocity of the DC motor can be calculated as:
e + 3λ
2 .
e + λ 3 e + k P s
Due to f(t) unknown, Equation (29) cannot be used to calculate the equivalent control effort. Therefore, this control effort is approximated as following:
k P is control gain to be designed. In this paper, the equivalent control, Equation (30), can be calculated by an adaptive approximator as follows:
wherek is an adaptive gain; and ψ is a regressive term. We assume that the equivalent control of Equation (30) can be expressed via Equation (31) as follows:
where k * is the ideal value of the adaptive gain; ξ is the inherent approximation error. The auxiliary control effort is designed as
From Equations (31) and (33) , the angle velocity is 
Consider a Lyapunov function as
where (σ d ∈ (0; 0.6)) is a desired bound of the surface in infinite time, β s is a scaled gain, δ k are positive constants. Then we have
It is obvious that if the error k sign(
k is approximately equal to zero, and
Then we have
In order to satisfy the stability condition ( . V < 0) outside the domain (β s |s| − σ d ), the positive constant η must be satisfied in the following condition
Equation (41) reveals that the value of η depends on the upper bound of the function (L ξ ≡ L(t) + ξ).
As shown in Equation (25), the bound of ∆g is estimated but in practical application it is difficult to obtain accurately. Further, ε is an unknown value. Therefore, the bound of L ξ is also difficult to obtain precisely. If the bound chosen is too small, the stability condition cannot be satisfied; in contrast if the bound of L ξ chosen is too large, the hitting control action will cause serious chattering phenomenon and this phenomenon will excite an unstable system dynamic. Hence, we consider that the bound of the function L ξ is unknown.
To reduce the influence of the chattering phenomenon, a saturation function is used as
where ν is the thickness of the boundary layer. However, likewise to the above problem, the positive constant η in Equation (42) also depends on the bound of L ξ . So, the stability inside the boundary layer cannot be guaranteed. To solve this, in this research, a fuzzy logic algorithm is employed to determine the hitting control action (ω hit ). Here, the sliding surface s is the input linguistic variable of the fuzzy logic and the hitting control action is the output linguistic variable. Seven linguistic states of the linguistic input and output variable are negative big (N03), negative medium (N02), negative small (N01), zero (ZE), positive small (P01), positive medium (P02), and positive big (P03). The membership function for the linguistic input and output variable is shown in Figure 6 . .
By replacing ωhit in Equation (34) by Equation (44), the time derivative of the sliding surface is rewritten as According to the hitting control action given by Equation (42), the basic rules of the fuzzy system are constructed as follows:
Rule 1: If s is the ZE then ω hit is the ZE Rule 2: If s is the P01 then ω hit is the P01 Rule 3: If s is the P02 then ω hit is the P02 Rule 4: If s is the P03 then ω hit is the P03 Rule 5: If s is the N01 then ω hit is the N01 Rule 6: If s is the N02 then ω hit is the N02 Rule 7: If s is the N03 then ω hit is the N03 Then, the resulting discrete of the output variable can be obtained by using the center-average method as
where, 0 ≤ µ i ≤ 1, i = 0, 1, . . . , 6 are the firing strengths of rules 1, 2, . . . , 7. r0, r1, r2, r3, r4, r5, r6 are the center of the membership function ZE, P01, P02, P03, N01, N02, N03 of the output variable, respectively. Here we choose as follows r0 = 0, r1 = r, r2 = 2r, r3 = 3r, r4 = −r, r5 = −2r, r6 = −3r where r is the fuzzy parameter. Due to 6 i=0 µ i = 1, Equation (42) can be rewritten as
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As shown, when s > 0 then θ(s) = (µ 1 (s) + 2µ 2 (s) + 3µ 3 (s)) > 0, oppositely when s < 0 then θ(s) = −(µ 4 (s) + 2µ 5 (s) + 3µ 6 (s)) < 0. Therefore, sθ(s) > 0.
It is also noted that θ(s) > 1 ∀(β s s > σ d ).
By replacing ω hit in Equation (34) by Equation (44), the time derivative of the sliding surface is rewritten as
In order to satisfy the sliding condition, the fuzzy parameter r must satisfy the following condition [34] .
According to Equation (46), there exists an optimal value r* to satisfy the sliding condition [34] 
where β c is the positive constant. However, the optimal value of r* is very difficult to determine accurately, so we use a simple adaptive algorithm to estimate the optimal value of r*. The final control law of the adaptive fuzzy sliding mode control (AFSC) is presented as
here,r is the estimative value of the optimal value r*. Finally, the AFSC was designed as shown in Figure 7 . By using Equation (48), the proposed controller can satisfy the condition . V ≤ 0 or the closed loop system is stable. In order to satisfy the sliding condition, the fuzzy parameter r must satisfy the following condition [34] .
According to Equation (46), there exists an optimal value r* to satisfy the sliding condition [34]
where  c is the positive constant.
However, the optimal value of r* is very difficult to determine accurately, so we use a simple adaptive algorithm to estimate the optimal value of r*. The final control law of the adaptive fuzzy sliding mode control (AFSC) is presented as
here, r is the estimative value of the optimal value r*. Finally, the AFSC was designed as shown in Figure 7 . By using Equation (48), the proposed controller can satisfy the condition   0 V or the closed loop system is stable. 
Experimental Evaluation
Experimental Test Rig
A test rig was set up to carry out the experimental works. The purpose of this experiment was to investigate the ability to maintain an optimally generating speed under variance of wind speed as well as to evaluate the conversion efficiency of the proposed system. A schematic of the test rig can be described as shown in Figure 8 and Figure 9 . The experimental system includes a wind turbine simulator, driven by a DC motor and a gear box, to generate the input speed to the primary shaft of the CVT of which the transmission ratio is controlled by an EHA system.
The EHA system is manufactured by Bosch Rexroth, which includes a gear pump, a supplementary valves system and a symmetrical double-acting cylinder and is driven by a 24V 20A DC motor. In this configuration, the movement of the cylinder is adjusted directly by the speed of the pump [21] . Two rpm sensors (SETech MS-2000) are installed in the system to measure the speed input 
Experimental Evaluation
Experimental Test Rig
A test rig was set up to carry out the experimental works. The purpose of this experiment was to investigate the ability to maintain an optimally generating speed under variance of wind speed as well as to evaluate the conversion efficiency of the proposed system. A schematic of the test rig can be described as shown in Figures 8 and 9 . The experimental system includes a wind turbine simulator, driven by a DC motor and a gear box, to generate the input speed to the primary shaft of the CVT of which the transmission ratio is controlled by an EHA system. The EHA system is manufactured by Bosch Rexroth, which includes a gear pump, a supplementary valves system and a symmetrical double-acting cylinder and is driven by a 24V 20A DC motor. In this configuration, the movement of the cylinder is adjusted directly by the speed of the pump [21] . Two rpm sensors (SETech MS-2000) are installed in the system to measure the speed input and output of the EHA CVT. Setting parameters for the EHA system are shown in Table 1 . Meanwhile, the CVT system is a customized model including a primary axis and a secondary axis. The position of the former is adjusted by the above EHA system, while that of the later is adapted passively by a spring to compromise the belt condition. The output shaft of the CVT directly drives the generator. Specification of the CVT can be found in Table 2 . Table 2 . Parameter of CVT.
Specifications Parameters
Belt length (L) 800 (mm) Distance between two units 250 (mm) Open angle of two units α 12 (degree) Rated speed for generator ω g 250 (rpm)
The control system was implemented on a personal computer within a combination of Simulink environment and real-time Windows Target Toolbox of MATLAB. In our study, we used the ode4 (Runge-Kutta) solver in MATLAB/Simulink environment to solve several differential equations presented in Sections 3 and 4. A multi-function data acquisition Advantech card, A/D 6014 was installed on the peripheral component interconnect (PCI) slots of the PC to perform the peripheral interfaces.
Experimental Results
For the wind turbine simulator, the rotor with a propeller radius of 3.5 m was selected to capture the wind power at an average of 10 kW. The maximum coefficient of power (Cp = 0.48) was achieved at the tip speed ratio of 8.1 and the pitch angle of the blade was 0 • . To calculate the spectral power density S(n) the f m was assumed at 0.06 for the longitudinal components of the wind speed fluctuations and 0.2 for the lateral components.
In order to evaluate the effectiveness of the proposed WECs system, an average wind velocity of 10 m/s was investigated. From the simulation program, Figure 10 shows a plot of the wind speed and the optimal rotational input speed of the CVT with the gear box ratio 1:10. The generator power and the efficiency curve are shown in Figure 11 . Based on the diagram curve, the generator needs to be tuned to an optimal speed from 220 to 280 rpm (Qingdao 10KW250RPM 240V) to achieve the highest efficiency from the output CVT speed. This is the key advantage of the proposed configuration compared with the conventional power take-off (PTO) where the speed of the generator continuously varies according to the input wind conditions [29] . As seen in these figures, the adaptive fuzzy sliding mode controller ensures an excellent tracking performance of the EHA system. After a short transition time, the tracking response adapts well with the tracking error which lies mostly in 250 rpm (Figures 12 and 13 ). The output of angular velocity with the rotational speed setup is 250 rpm, and the response is from 230 to 270 rpm. This value is in the highest efficient region of the generator. As shown in these figures, the proposed WECs with AFSC offers the best input speed of the generator ( Figure 13 ) compared with the conventional PID controller. The generator efficiency is around 92% with the generated power around 10.5 kW (Figure 14) . Figure 14 . Generator efficiency.
Conclusions
This paper presents a novel conceptual design of the power take-off system in a wind energy converter. The generator's performance is kept at the rated speed to increase its efficiency. Here, the CVT's ratio controlled by an EHA is employed to maintain the working speed of the generator. The adaptive fuzzy sliding mode controller is applied to control the pump of the EHA system. Experimental results indicate that the performance of the generator is smooth and stable, and the generator efficiency increased significantly. Further works involve optimizing the design parameters of the EHA CVT system as well as the propeller design before testing the prototype in real wind conditions. Author Contributions: K.K.A. was the supervisor providing funding and administrating the project, and he 
This paper presents a novel conceptual design of the power take-off system in a wind energy converter. The generator's performance is kept at the rated speed to increase its efficiency. Here, the CVT's ratio controlled by an EHA is employed to maintain the working speed of the generator. The adaptive fuzzy sliding mode controller is applied to control the pump of the EHA system. Experimental results indicate that the performance of the generator is smooth and stable, and the generator efficiency increased significantly. Further works involve optimizing the design parameters of the EHA CVT system as well as the propeller design before testing the prototype in real wind conditions.
